human prosperity with its social, cultural, environmental and spatial dimensions (DPT, 2007) . As a result of, non-income dimensions of well-being such as infant mortality, life expectancy at birth, height literacy, etc. have been used individually or combined into a composite index (physical quality of life, basic needs, and more recently human development) to provide welfare measures that go beyond gross domestic product (GDP). This composite index obtained was called as Human Development Index (HDI).
HDI being a popular measure of human well-being is annually reported by the United Nations Development Program (UNDP). In this report, life expectancy, education, and GDP indexes are created based on factors such as a long and healthy life, social and political independence, human rights. As a result of, HDI index information such as the fact whether the relevant country is a developed, developing or underdeveloped country, and also to what extent its economy affects the life quality is presented.
HDI was initially developed in 1990 by Mahbubul Haq, a Pakistani economist and has been submitted in annual development report by United Nations Development program since 1993 (Prados de la Escosura, 2015) . The three core dimensions of the HDI were life expectancy (LE), schooling (S) and income (Y). According to the 20th human development report published in 2010, there have been some changes in the HDI measurement. According to last calculation, life expectancy is the only core dimension that is unchanged in the 2010 HDI. Gross national income (GNI) has replaced GDP calculated according to purchasing power parity (PPP). Literacy and the gross enrollment rate (as used in the former HDI) have been replaced by mean years of schooling (MS) and the expected years of schooling (ES), given by the years of schooling that a child can expect to receive given current enrolment rates (Ravallion, 2012) .
As in the past, the three core dimensions of the HDI are first put on a standard (0, 1) scale. The rescaled indicators are:
(1) (2) It is assumed that x min ≤ x i ≤ x max (x=LE, S, Y) for all i. Where I s is itself a composite index of Mean Years of Schooling (MS) and Expected Years of Schooling (ES). From here, I s index of the new HDI has calculated as: Eren / SJM 12 (2) (2017) 255 -270 (Ravallion, 2012) .
An important change is about how the three scaled indicators are aggregated. While the former HDI used arithmetic means (that is HDI old = (I LE + I S + I Y )/3) of variables, 2010 HDI used their geometric means:
As a result, countries are classified as very high human development, high human development, medium human development, and low human development.
Literature Review
Among the indexes aiming to measure human development, HDI had been one of the most prevalently used indicators for prosperity comparisons in its 20 years of history due to its transparency and simplicity as well as multi-dimensional prosperity measurement (Harttgen & Klasen, 2012) . However, HDI received serious criticisms varying from its creation and composition to its expansion and containing more dimensions.
Critiques regarding HDI can be investigated in three broad categories. Accordingly, the first group of critiques relates to dimensions and indicators of the HDI. Ogwang (1994) found that life expectancy would be the best choice to represent the three components of the HDI, and thus suggested one variable selection strategy. Accordingly, it was determined that a simplified HDI could be obtained, without loss of too much information and at a lower cost, by subtracting the life expectancy deprivation index from unity. Engineer et al. (2008) argued that it is better to drop the income component from the HDI because it does not play its expected role of accessing a decent standard of living.
Bhanojirao (1991) suggested the inclusion of additional dimensions such as political, economic and social freedom, opportunities for being creative and productive, personal self-respect, and guaranteed human rights. Ranis et al. (2005) stressed the need of neglecting some relevant dimensions and identified new categories encompassing all the major dimensions of human development. Sanusi (2008) implied that housing facilities and housing conditions increased the scope of human development, and thereby tried to widen the scope of issues covered by the HDI. Dias et al. (2006) , Moran et al. (2008) , Morse (2003) and Neumayer (2001) were concerned about consideration of natural resources conservation, environment, and national energy uses concepts in development measuring.
The second group of critiques is based that the HDI do not take into account inequality within countries. According to this opinion, the HDI looks at the average achievements and does not reflect the distribution of human development within a country. Some adjustments to variables such as gender, ethnic and income groups have been suggested To eliminate the concept of 257 M. Eren / SJM 12 (2) (2017) The UNDP offered the Gender-Related Development Index (GDI) in the direction of this second group of critiques. The GDI adjusts the HDI by eliminating gender inequalities in life expectancy, education, and income dimensions by measuring each indicator separately for men and women, and then calculating the harmonic mean of them (UNDP, 1995) .
About income inequality, Hicks (1997) suggested an Inequality-Adjusted Human Development Index (IHDI) together with the HDI by proposing to discount each dimensional index by one minus of the Gini coefficient before the mean of the indexes of life, education and income are taken. Afterward, Sagar and Najam (1998) pointed out that the use of the GDP per capita component as a proxy for average income would not allow for major differences in income distribution within a country.
Harttgen and Klasen (2012) proposed a method to calculate a proxy HDI at the household level to allow the analysis of the inequality in human development among population subgroups according to socioeconomic characteristics.
The third group of critiques is related to HDI analytical framework and methodology. Firstly regarding methodological framework, an arbitrary equally weighting of the education, life and income indexes of the HDI was criticized (Kelley, 1991; Ravallion, 1997; Srinivasan, 1994) . Afterward, resulting in a modified version of HDI index, it was suggested some modifications in two categories of technical issues ranging from those related to the components of the index to those relevant to the structure of the index (Noorbakhsh, 1998) . Wolff et al. (2011) calculated the likelihood of each country's deviation from the original published HDI rank. Also, they mentioned from the data errors such as the measurement error due to data updating, the data noise due to formula revision and the misclassification due to inconsistent thresholds of classifying a country's development status.
There are also some the different methodological approaches which are used to calculate the rank of countries. The framework providing a fuzzy representation of the HDI and its three components (Baliamoune-Lutz & McGillivray, 2006) , the Multiple Criteria Decision Making (MCDM) technique (Safari & Ebrahimi, 2014) and DEA-like linear programming model that are developed to assess the relative performance of the countries in terms of human development (Despotis, 2005) are some of these ranking methodologies.
It is more important to determine an appropriate measurement method rather than a selection of the indicator variables and consideration inequality within countries to measure human development. Since, as it appears from the literature, made with an arbitrary equally weighting of the variables used in the HDI calculation and being a simple index based on a geometric mean is a situation that has been criticized. If this fundamental problem for the measurement of human development is exceeded, then it can be re-ranking of countries by considering the different indicator variables. However, the various methodologies as MCDM which are used to calculate the rank of countries may reveal different rankings. So, in this study, the Data Envelopment Analysis (DEA) which is a linear programming model was used to rank countries according to their level of development.
Because of the multidimensional nature of human development, it is hard to measure 258 and analyze HDI. Since DEA analysis provides a significant contribution to the better understanding and study of this process, it has been commonly used in the literature. A literature review paper towards the utilization of the DEA conducted for the measurement of human development is made by Mariano et al. (2015) .
METHodoLoGY

data Envelopment Method
The idea of measuring and analyzing human development is a difficult situation, due to its multi-dimensional nature. Therefore, DEA can significantly contribute to this process by making it possible to study better and understand.
DEA is a methodology that allows relative evaluation of the performance of a set of the comparable entities called Decision Making Units (DMUs) which convert multiple inputs into multiple outputs (Cooper et al., 2011) . The DEA approach that determines the set of weights by optimizing the efficiencies of decision units for a mathematical model combining in a unity score of multiple input and output without requiring a common unit of measure is a mathematical procedure based on linear programming (Cooper et al., 2007) . Moreover, it identifies an efficient frontier where all DMUs have a unity score. If there are DMUs which are on this efficient frontier, then, these DMUs are referred to as efficient decision units (Ebadi, 2012 Many DEA models can be established according to application areas and assumptions. These models can be separated into two main groups as input or output oriented. The one's input oriented examine to what extent they should decrease the inputs of decision units which are not effective at any output level. Similarly, effectiveness measures aiming at output focus on to what extent they can increase their outputs so as to efficient the inefficient decision units for any input composition. Accordingly, it is stated that "Input oriented models decrease input usage proportionally at constant output level so as to measure technical ineffectiveness." If the models can not be configured as input or output oriented, integrated models can be used. The two scale values are observed to give same value at CRS, and it is little different in comparison with VRS. In the majority of studies in literature, as input amount appears to be primary decision variable, input-oriented models were frequently selected. However, there can be some cases in which source quantity is kept constant, and output quantity is increased as much as possible. In the last case, output focused model is more suitable (Coelli & Perelman, 2000) . Accordingly, the mathematical expressions of CRS and VRS models are presented in Table 1 .
According to Table 1 , X is the matrix providing the inputs for all decision units in n×m dimension and Y is the matrix providing the outputs of all decision units in n×s dimension. Accordingly, the vectors with a m×1 and s×1 dimension which respectively provide the inputs and outputs of that decision unit are input and output weighted vectors. Again θ 0 and Ø 0 which are a scalar 259 units are the effectiveness score of the decision unit. Under these assumed limitations, the model is solved separately for n decision units, and score values of each decision unit are obtained. As primal linear model's number of limitations is higher compared to the dual one, the dual model is preferred regarding ease of operation.
dEA Models without inputs
Sometimes, for each DMU, there may be a condition which there are only the output variables in the absence of input variables of them. For example, all of the variables (namely, variables such as life expectancy at birth, mean years of schooling, expected years of schooling, gross national income per capita used to create the HDI) used for ranking of the countries efficiency values are output in the DEA analysis in this study. If a composite index (CI) that will be created by using DEA has only the desirable attributes in this way, then the approach utilized will be called as "the benefit of the doubt (BoD)" (Mariano et al., 2015) . While the standard DEA models are based on the ratio between desirable (more-the-better) and undesirable (less-the-better) performance measures, BoD models use only the desirable attributes and are exclusively focused on aggregating outputs. In this regard, BoD differs from the 260 M. Eren / SJM 12 (2) (2017) 255 -270 The radial based DEA without inputs models developed by Lovell and Pastor (1999) suggested that efficiency measurements will be performed through output variables for a case in which there are no input variables. Lovell and Pastor (1999) have proven the below properties for models mentioned above:
I) Without input (or without output) CRS models can not distinguish efficient and inefficient units.
II) Output oriented CRS models with single constant input, and input-oriented CRS models with single constant output collide with related VRS models.
III) Output oriented VRS models with constant input (or input oriented with single constant output) are equivalent to VRS models without input (or without output).
IV) All VRS models without input (or without output) can be summarized with models having single incomplete variable and single incomplete constraint.
In an output focused model, aim function maximizes the output and provide income level. This model seeks to produce maximum output with current input. The situation where source amount is constant and accordingly increasing output amount as much as possible is desired by country governing people, and also it is easier to control. For this reason, it was stated by Lovell and Pastor (1999) that output oriented VRS model is suitable to make an evaluation by taking advantage of radial based DEA models without input. As a matter of fact, this corresponds to output oriented VRS model having single constant input. In fact, according to (II) item, output oriented CRS model having single constant input collides with VRS model. Namely, both of them express the same thing. Accordingly, the mathematical expressions of primal and dual of output focused DEA models without input are presented in Table 2 .
This BoD approach put forwarded by Lovell and Pastor (1999) was firstly used to recalculate HDI by Mahlberg and Obersteiner (2001) . Afterward, the advances in the BoD approach were presented by De Witte et al. (2013) and Färe and Karagiannis (2014) . However, it is observed that none of these studies consists of eliminating from the linear programming model the restriction that limits to one the efficiency of the unit being analyzed. If the restriction that limits to one the efficiency of the unit being analyzed is eliminated from the linear programming model, then, this construction 
A Super Efficiency Model without inputs for Ranking Units in dEA
According to the optimal solution of the output-oriented radial DEA model without inputs shown in Table 2 . If a DMU achieves the maximum possible value of 100%, it is efficient. Otherwise, it is inefficient, and the ratio values of which are inefficient are above one (Poveda, 2011) . However, it may sometimes be necessary to rank the performance of efficient DMUs. For such a situation, super efficiency model has been proposed by (Andersen & Petersen, 1993) .
Super efficiency DEA models also called as AP models can be used in ranking the performance of efficient DMUs. In fact, when a DMU under evaluation is not included in the reference set of the original DEA models, the resulting DEA models are called super-efficiency DEA models. Additionally, the super-efficiency DEA model can be obtained as either situation CRS or VRS (Ebadi, 2012) .
For the aim of ranking countries according to the variables used in the HDI calculation, if the formulation of superefficiency model developed by Andersen and Petersen (1993) is applied to the Radial based DEA model without inputs, which it is considered as the output of all of the relevant variables, developed by Lovell and Pastor (1999) , it can be achieved the ranking of the countries called as decision-making units. Accordingly, mathematical expressions of primal and dual of output focused super affectivity DEA models without input formed for ranking DMU's are presented in Table 3 .
3.
ModEL,
RESULTS, ANd diSCUSSioN
The aim of this analysis is to compare results of the traditional HDI scale and the output-oriented super-efficiency DEA model without inputs put forward by the research and to propose a new scaling to measure human development. Then, when an output- When "The Output-Oriented Super Efficiency VRS DEA Model without Inputs" established is solved for each country, the results obtained are given in Table 4-Table 7. HDI index is calculated according to values of LE, MS, ES and GINI variables. According to the findings, the countries demonstrating a high degree of deviation in suggested DEA efficiency score ranking together with HDI index rating were observed to be originated from the fact that they have too high or too low values regarding values of variables according to HDI calculation used compared with other nearby countries. According to results presented in Table 4-Table 7 .
When obtained findings are evaluated, it is understood that the relative value in any of the output variables of the application is subject to a ranking originated from the fact that it is too high or too low compared with the others. The application determines the efficiency score of the country according to the variable demonstrating high degree of deviation from the value average of countries incorporated into the model and forms the effective ranking accordingly. This fact shows that the variables which are the base for calculation while HDI index is calculated, were not used at efficient ratios and that the ranking was not realized with the real values of countries. 
CoNCLUSioNS
Although there are different opinions related to dimensions and indicators regarding the measure of human development, the main opinion is related to its calculation method. If the calculation method is correctly determined, then the dimensions and indicators by appropriate analytical framework and methodology can be constructed. So, the HDI being a popular measure of human well-being has become a measure of human development. HDI was being computed by the average of the four HDI indicators until 2010. Then countries were ranked according to this overall index. In the 2010 and 2011 HDRs, UNDP changed its method of computing the HDI from simple average to geometric average. However, this new method is still being faced some criticisms. The first group of critiques relates to the fact that three component indices of HDI are taken into consideration as equal weights. The second group of critiques relates to normalization technique of variables used in the calculation of the index. Because as a result of normalization, the main structure of the data changes. If so, the relative position of the countries in the HDI ranking can be attributed to two main reasons: One is structural and is related to the data themselves, the other is linked with the particular weighting scheme (equal weights) used in the HDI. In this study, considering these shortcomings, the measurement of human development has been again revisited in the light of DEA. DEA analysis is an appropriate tool for the measurement and analysis of issues related to human development by evaluating the efficiency in generating quality of life from wealth or economic, social and environmental resources. All of the variables LE, MS, ES, GNIpc used in HDI account were taken as output variables to measure the performance of the countries by the DEA analysis in this study. The Radial based DEA model without inputs developed by Lovell and Pastor (1999) was used for a case which an efficiency measurement through output variables in the absence of input variables was performed. In order to rank the performance of efficient DMUs (herein, the countries) according to the optimal solution of the output-oriented radial DEA model without inputs, the formulation of superefficiency model developed by Andersen and Petersen (1993) was applied to the Radial based DEA model without inputs, which it is considered as the output of all of the relevant variables, and developed by Lovell and Pastor (1999) . Hence, the ranking of the countries was provided. As a result of the findings, a new scaling named the outputoriented super-efficiency DEA model without inputs put forward by this study as an alternative to the traditional HDI scale to measure human development was proposed. The problems relating to the data structure and the particular weighting scheme (equal weights), which are encountered in HDI calculations, were tried to be eliminated by the proposed method.
